Background/Objectives: Performance of the vaccination programme in Nigeria is lower than the regional average as well the 95% target necessary for sustained control of vaccine preventable diseases. This study is aimed at assessing the vaccination coverage and its associated factors in children aged 11 -23 months in Enugu Metropolis. Methods: A cross sectional study in which caregivers and their children pair, aged 11 -23 months attending children's outpatient clinics in Enugu metropolis was undertaken. Respondents were selected consecutively while data were collected using pretested interviewer administered semi-structured questionnaire. Data were analyzed using SPSS version 20.0 while level of significance was set at p < 0.05. Logistic regression analysis was used to identify independent predictors of full vaccination. Results: Of 351 subjects studied, 84.9% (298) were fully immunized according to the national programme on immunization schedule using both vaccination cards and history. The OPV0, OPV3, pentavalent-1, pentavalent-3 and measles coverage at the time of survey were 100.0%, 97.2%, 98.0%, 98.6%, 96.9% and 95.4%, respectively. On logistic regression: maternal occupation (government employees), children born in government hospitals and knowledge of when to start and complete vaccinations in a child were the likely predictors for completion of full vaccination in the children. Conclusion: The vaccination coverage among the study group was adjudged to be relatively high. Delivery of a child in a government hospital and the knowledge of the age when routine vaccinations should begin * Corresponding author.
Introduction
The expanded programme on immunization (EPI) was established in 1974 by the World Health Organization (WHO) with the mandate of ensuring full accessibility of the routine vaccines by all children. However, in spite of all the improvements in global coverage of routine vaccinations in children especially Diphtheria-PertussisTetanus Toxoid (DPT3) containing vaccine-third dose (which is a key indicator of immunization programme performance) coverage from 5% in 1974 to 83% in 2011 globally, almost one-fifth of the world's children had not received the DPT3 series during their first year of life [1] . Most of these unvaccinated children live in developing countries [2] , particularly Nigeria with a teeming population of about 167 million people [3] , and an annual population growth rate of 2.7% [4] . Receipt of vaccines at the recommended ages and intervals will ensure that children are adequately protected from target diseases at all time [5] . This will help to fast-track achievement of the Millennium Development Goals.
Vaccine preventable diseases (VPDs) have been reported to account for 17% of global under five mortality per annum [6] , while in Nigeria 27% of child mortality amounting to over 200,000 deaths per year have been attributable to VPDs [7] . It is of interest to note that the Nigeria's under five mortality rate is 124 per 1000 and currently ranking 9th according to recent United Nations Children's Fund (UNICEF) estimates [4] . Additionally, recent Nigeria Demographic and Health Survey (NDHS) 2009 estimated that the proportion of children were fully immunized to be 23% by age of 23 months, with broad geographic variations in estimates. Similarly, current national estimates revealed DPT3 average of 71% and oral polio vaccine third dose (OPV3) coverage of 62% with lower coverage noted across the northern states [8] .
In spite of the narrow range of antigens currently available to the average Nigerian child from the government schedule (including BCG, OPV, pentavalent vaccine, hepatitis B vaccine, yellow fever and measles), routine vaccination coverage still remained very low [9] . Also, numerous programmes and strategies specifically designed by the government and development partners have also failed to improve the vaccination coverage in some parts of the country. Nigeria is one of the polio endemic countries with Pakistan and Afghanistan (PAN) and one of the eleven countries accounting for 66% of the world's measles mortality [10] . It has been advanced that, until polio transmission is interrupted in these countries including Nigeria; all countries remain at risk of polio transmission [10] .
Several factors have been implicated as possible mitigating factors of low vaccination coverage in developing/low income countries including Nigeria. These factors include lack of political will, poor work attitude and malorientation of health workers, poor health infrastructure, religious insurgency/terrorism, ignorance, cultural/ religious average aversion to vaccine acceptance or use, misconceptions about safety of the vaccines and lack of awareness about availability of vaccination services, inadequate cold chain facilities and vaccine stock-outs among others [8] - [16] .
Hence this study is aimed at assessing the vaccination coverage and its determinant factors in children aged 11 -23 months in Enugu metropolis.
Methods

Study Location
This study was conducted in Enugu Urban, the capital city of Enugu State, southeast Nigeria.
Enugu urban is made up of 3 local government areas namely: Enugu East, Enugu North and Enugu South. Enugu metropolis has a population of 722,664 according to 2006 national census figures [17] .
Study Duration
Study was carried out over a two month period (6th January-5th March, 2014).
Study Design
This is a cross sectional descriptive study involving mothers/caregivers and their children pair aged 11 -23 months attending four major public children's outpatient clinic in Enugu metropolis including University of Nigeria Teaching Hospital (UNTH), Enugu; Enugu State University of Science and Technology Teaching Hospital, Park Lane Enugu, Poly-Clinic Asata, Enugu, and Nike Cottage Hospital. The respondents were selected consecutively upon their informed consent.
Information sought included socio demographic variables of the mothers/caregivers and their respective children pair, vaccination coverage levels of the various antigens administered to children, different levels of knowledge and attitude regarding vaccination among the children as well as perceived barriers to vaccination in the study locale. Data were collected using pretested interviewer administered semi-structured questionnaire.
Ethical Considerations
Ethical approval for the study was sought from the Health Research Ethics Committee of UNTH, Enugu prior to the commencement of the study while informed written consent was obtained from the selected interviewees prior to their participation in the study.
Data analysis was done using SPSS version 20.0 and presented in frequencies while chi-square was used to test association between dependent and independent variables. Binary logistic regression analysis was done for those independent variables that were statistically significant for full immunization coverage among children aged 11 -23 months old. The level of significance was set as p < 0.05.
Definitions Applied in the Study
Fully vaccinated: any child who had received a dose each of BCG, hepatitis B, measles and yellow fever vaccines as well as four doses of oral polio vaccine and 3 doses of pentavalent vaccine respectively.
Unvaccinated: any child who is yet to receive any of the above 11 doses. Partially vaccinated: any child who has received one or more but less than the 11 doses.
Coverage by card only: coverage determined on documented vaccine and dose without those vaccinated by oral history.
Coverage by card plus history: coverage assessed based on documented vaccines on the card and caregivers (recall) history.
Results
A total of 351 respondents were enrolled and studied out of which 183 (53.6%) were female while 163 (46.4%) were males giving a male to female ratio of 1:1.16.
Majority of the interviewees (144; 41.3%) were aged between 26 and 30 years. Those who had attained at least primary education were fewer, 29 (8.3%) compared to those with secondary, 157 (44.7%). Majority of the enrolled children in the study were aged 12 -15 months, 164 (46.7%) while those aged 16 -20 months constituted 127 (36.2%). Nearly all the respondents were of Christian religious background (343; 97.7%). See Table  1 .
The current study showed that majority of the children, 298 (84.9%) were fully vaccinated by card and caregivers oral report. There was a statistically significant difference (p = 0.008) between the proportions of fully immunized children delivered at different types of health facility. While 100%, 89% and 84% of children delivered at health centres, teaching/specialist hospitals and private hospitals respectively, were fully immunized; only 77% of children delivered at Maternity homes were fully immunized.
Of the total respondents, 335 (95.4%) had heard about vaccination. 315 (89.7%) of the interviewees, correctly knew that the main objective of vaccinating a child was to prevent specific diseases. 335 (95.4%) reported that they knew about vaccinations mainly from hospital health education usually when they visited the hospital either for antenatal or other child health clinics. Among the children surveyed, their vaccination cards were sighted and confirmed in 149 (42.5%) of them while 84.9% completed all the vaccinations (by card and recall).
Knowledge about VPDs was highest for polio, 284 (80.9%), followed by measles 74.1% while H. influenza type b was the least, 60 (17.1%) as shown in Table 2 .
Respondents' knowledge about the various vaccines obtainable in the national immunization programme (NPI) was highest for measles 272 (77.5%), followed by OPV, 259 (73.8%) while knowledge for pentavalent and hepatitis B trailed behind with 110 (49.0%) and 150 (42.7%) respectively (Table 3) .
A significant proportion of the interviewees 308 (87.7%) who were fully vaccinated correctly reported that Nigeria's routine vaccinations should start at birth (× 2 = 10.568; p = 0.014) and be completed at 9 months (× 2 = 15.449; p = 0.001) respectively.
One hundred and ninety four (55.3%) of the interviewees reported that a sick child should not be immunized. Only 9 (2.6%) of the study children were not vaccinated and the various reasons given by their mothers/caregivers included: no health facilities 2 (22.2%), religions reasons 2 (22.2%), health workers not available 1 (11.1%), vaccination is of no benefit 1 (11.1%), cultural reasons 1 (11.1%), fear of side effects 1 (11.1%) and did not know 1 (11.1%). Reasons for default from completing immunization among the caregivers studied included: health workers are not always available, ignorance, busy schedule, did not know about another dose, child sick, caregiver sick, Vaccination time is inconvenient, and mother/caregiver is busy.
The drop-out rates are as follows: pentavelent 1-pentavalent 3 (DPT containing) vaccine-0.0002% while BCG-measles drop-out rate-4.6%. The various immunization coverage for all the vaccines contained in the national routine immunization programme were as shown in Table 4 .
Predictors of full vaccination coverage in the current study following subjection of all independent variables identified to be significantly associated with vaccination coverage to regression analysis are as shown in Table  5 .
Children of mothers that knew that a child should start immunization at birth are 1.9 times more likely to be fully immunized, while children of those that knew that a child should complete immunization at age of one year are 0.34 less likely to be fully immunized. Children of mothers that had secondary and tertiary education are 2 times more likely to be fully immunized than those children whose mothers had primary or no formal education. Also, children of mothers that were employed by government were 2.3 times more likely to be fully immunized than those that are not working with the government.
Children that were delivered in health facility are about 1.1 times more likely to be fully immunized than those that were delivered at home and by TBAs. Also, those that can reach health facility in less than one hour are 1.6 times more likely to be fully immunized. These variables were statistically significant before logistic regression analysis was done. 
Discussion
The vaccination coverage of 84.9% observed in the present study is high. It compares favorably well with the global average rate of 83% reported in 2011, although it is lower than the 95% vaccination coverage target which is necessary for the sustained control of vaccine preventable diseases [18] . Also, the rate observed in this urban centre in south eastern Nigeria is higher than a previous vaccination coverage reported among Nigerian [19] and Malawian [20] populations.
The pentavalent 3 (DPT containing) vaccine coverage rate in our study was 98.3% which is very high and seems to be higher than that reported in Nigeria studies and other African countries [21] - [24] . DPT3 coverage is key to adequate vaccination coverage in children. The high pentavalent 3 vaccine coverage could partly be due to emerging urbanization with better access to social amenities including health infrastructure/services, mothers/ caregivers knowledge about vaccination services and high sensitization and motivation of the population studied.
Also there is high concentration of health facilities in Enugu urban city including two teaching hospitals (University of Nigeria Teaching Hospital, Enugu and Enugu State University of Science and Technology Teaching Hospital Park Lane, Enugu), some private specialist hospitals and government owned immunization centres) as well as high mobilization for routine immunization and supplemental national immunization days by the health workers. The finding of higher proportions of fully vaccinated children among those delivered in primary and tertiary health care facilities compared to Maternity homes underscores the importance of health education as well as training and re-training of healthcare personnel. There is need to integrate health workers in Maternity homes into the national and state training programmes as well as vaccination activities.
Assessment of care-givers knowledge on vaccination and vaccine preventable diseases showed very high rates as previously reported by Tagbo et al. [14] and this could account for the high level of vaccination coverage rates observed in the current study.
However, care-givers knowledge for Haemophilus influenza type b and hepatitis B vaccination were low compared to other vaccines. This could be as a result the fact that the hepatitis B and Haemophilus influenza type b vaccines were recently introduced into the national programme on immunization (NPI) in our setting [9] .
It was observed that children born in hospital particularly teaching/specialist hospital were more likely to complete their vaccinations. This could be influenced by the fact that most of the babies received their first doses of vaccinations before discharge following their deliveries in the hospital as well as the fact that caregivers received adequate health education regarding child hood vaccinations. Such findings have been corroborated by other workers [12] [24] .
Besides the relationship of vaccination coverage with place of delivery of the child, complete vaccination coverage of the children in the current study could likely be as a result of the high knowledge of vaccination 335 (95.4%) and VPDs 315 (89.7%) among the respondents (care-givers). Majority of the respondents reported that they learnt about vaccinations from health care staff and this agrees with findings in similar studies in Ethiopia [12] , and Nigeria [25] .
Knowledge of the age at which a child should begin and complete vaccination were observed to be very high. Such findings are consistent with reports from similar studies [12] [25] , and influenced care-givers readiness and eagerness to begin and complete vaccinations in their children having known their usefulness.
Higher maternal educational status (secondary education and above) and occupation (government employees) were found to be important independent predictors for vaccination completion among caregivers of children in the present study. This finding is in consonance with studies in Malawi [13] and Kenya [26] where mothers' education was a major determinant factor of vaccination coverage. This is because the vaccination coverage was higher among children of educated mothers (with at least secondary education) as they are more likely to appreciate the importance of complete child hood routine vaccinations in their series [13] [26] .
Mothers that are working, particularly the government employed are more likely to complete immunization for their children. It is also possible that because of the high awareness and sensitization activities in the study locale and likely "spill-over effect", other caregivers irrespective of their educational status or occupation seek to get their children fully vaccinated. The finding that those who know that a child should complete immunization by one year of age were less likely to be fully immunized is rather unusual and requires further elucidation. It is possible that such knowledge may have resulted in mothers erroneously thinking that as long as a child is not yet up to one year of age, they still have enough time and this could lead to delays in completing immunization. It may therefore be necessary to specify 9 months as the age of completion of immunization rather than one year.
Reasons for dropouts or incomplete vaccinations includes: health facility was far, health workers not always available, child is sick, mother is too busy, caregiver did not know another dose of vaccination were reported by few of the caregivers. Such possible reasons for default have equally been reported by other workers [27] - [30] . These factors need to be addressed to reduce the drop-out rates. Among the non-vaccinated children the majority of the respondents reported: no near-by health facility, religious reasons, fear of side effects among other factors. Similar responses have been given in other studies in Nigeria as the causes for the high number of unvaccinated children despite the availability of potent vaccines. However, the number of the unvaccinated children as seen in the current study is few compared to findings from other similar works in Nigeria and other parts of sub-Saharan Africa [31] .
Conclusions
In conclusion, the vaccination coverage among children in the current study is relatively high. High maternal education as well as being a government employee and delivery of a child in a government hospital, knowledge of the age at which a child should start and complete routine vaccinations were the independent predictors of the high vaccination coverage.
Although the vaccination coverage in this study population is high, it is not yet optimal. Stronger political will is needed to address the reasons for incomplete immunization and non-immunization.
Awareness and health education efforts in government and tertiary hospitals should be extended to private and other hospitals to improve and sustain national vaccination coverage in Nigeria.
Limitation
This study was conducted in an urban setting in the southern Nigeria and findings may well be above national average rates.
